Two stalked, aerobic, catalase-and oxidase-positive rod-shaped isolates, VKM B-1508 (5CB 258) and FWC47 T , were analysed using a polyphasic approach. While the morphology and the 16S rRNA gene sequence of strain VKM B-1508 were 100 % identical to the ones of Sphingomonas leidyi DSM 4733 T , the morphology of FWC47 T was different, and the closest recognized species were Sphingomonas oligophenolica S213 T (5DSM 17107 T ) and
L-alanine, maltose and sucrose, by the presence of b-galactosidase and a-chymotrypsin, and the lack of valine arylamidase and b-glucosidase activities. Contrary to S. leidyi, FWC47
T did not reduce nitrate and could not use fructose, acetate and N-acetyl-glusosamine. In the genus Sphingomonas, the dimorphic life cycle involving a prosthecate sessile and a flagellated swarmer cell was hitherto only known from Sphingomonas leidyi. Therefore, strain FWC47 T represents an additional distinct prosthecate species in this genus for which the name Sphingomonas canadensis is proposed. The type strain is FWC47 T (5LMG 27141
Presumably because of their broad distribution, caulobacteria have been known for more than a century (Loeffler, 1890) . The genus Caulobacter, originally comprised of dimorphic, prosthecate bacteria, was described by Henrici and Johnson in 1935 from the bacteria attached to slides exposed in a freshwater lake. The authors described Caulobacter vibrioides as the type species, however they did not isolate the strain (Henrici & Johnson, 1935) . In 1964, Poindexter considerably enlarged the monotypic genus by describing nine species and two subspecies (Poindexter, 1964) . One of these newly described species was Caulobacter leidyi, which was the only species not isolated from an aquatic habitat but from millipede hindgut.
We have previously evaluated the diversity of Caulobacter isolates using lipid analysis, immunological profiling, 16S rRNA gene sequences, and profiling of the 16S-23S rRNA genes interspacer regions, and compared these results with physiological data. We observed a consistent picture with this polyphasic approach which, however, did not correlate with the morphology of the strains (Abraham et al., 1999) . As a result, we emended the descriptions of the genera Caulobacter and Brevundimonas and transferred a number of species of the genus Caulobacter to the genus Brevundimonas. We also included Mycoplana segnis in the genus Caulobacter as Caulobacter segnis. For the truly marine species of the genus Caulobacter, we proposed the new genus Maricaulis with Maricaulis maris as the type species. However, even after these recombinations and descriptions, a number of strains remained which could not be placed in any of these genera. The 16S rRNA gene sequence of Caulobacter leidyi ATCC 15260 T determined in this study was observed to be identical to that described as Stahl et al., 1992) and did not group with any of the three genera Caulobacter, Brevundimonas or Maricaulis. While the similarity of the 16S rRNA gene sequence of C. leidyi to that of C. vibrioides was observed to be only 86.9 %, C. leidyi possessed 94.9 % 16S rRNA gene sequence similarity to Sphingomonas paucimobilis, the type species of the genus. Therefore, on the basis of 16S rRNA gene sequence analysis, C. leidyi is phylogenetically distinct from Caulobacter and has now been transferred to the genus Sphingomonas as Sphingomonas leidyi by Chen et al. (2012) . In the present work, we report on VKM B-1508 (5CB 258) and FWC47 T as two cauliform strains which also do not belong to the genus Caulobacter but are, together with S. leidyi ATCC 15260
T , prosthecate members of the genus Sphingomonas. ), 2 ml 50 % glucose (sterile), 1 ml 20 % MgSO 4 (sterile) and 1 ml 10 % CaCl 2 (sterile) were added. The strains were grown in 2 l flasks at 30 u C and 100 r.p.m. and the biomass was harvested in the late exponential phase after 72 h.
Growing cells were prepared for field emission scanning electron microscopy, or by embedding and ultrathin sectioning for transmission electron microscopy, as described by Pott et al. (2009) . Cells showed two distinct morphotypes: the swarmer cell, which was monopolar and monotrichous flagellated; and the prosthecate daughter cell, with its stalk (diameter, 0.08 mm) ending in a holdfast (Fig. 1) . Typically, strain FWC 47 T formed clusters of cells bundled by their holdfasts. The overall cell shape was vibrioid and cell length ranged from 1.3 mm to 1.5 mm, cell width was from 0.4 mm to 0.5 mm. The stalk was approximately 1.2 mm to 1.6 mm long, depending on growth conditions. While cells of S. leidyi ATCC 15260
T differed considerably in morphology from those of strain FWC 47 T (Fig. 1) , they could not be discerned from cells of strain VKM B-1508.
Genomic DNA was isolated from 2 ml of cultures using the DNeasy kit (Qiagen). Appropriate amounts of DNA were enzymically digested and the mean G+C contents were determined by HPLC. Calculations were carried out according to Mesbah et al. (1989) , with non-methylated lambda-phage DNA (Sigma) as a standard. For strain FWC47
T a DNA G+C content of 67.1 mol% was found which is within the range of reported for species of the genus Sphingomonas (Li et al., 2004) .
For 16S rRNA gene sequencing and analysis, single colonies were picked from plates, suspended in 100 ml TE buffer and boiled for 5 min to obtain DNA for the amplification of the 16S rRNA gene by PCR. A nearly complete 16S rRNA gene sequence was obtained as described previously (Abraham et al., 1999) . The reactions were analysed on an Applied Biosystems 377 genetic analyser and the final contig was assembled using the program SEQUENCHER version 4.0.5 (Gene Codes Corporation). The 16S rRNA gene sequences of the type strains of species of the genus Sphingomonas were obtained from the EMBL database (Kanz et al., 2005) .
The nucleotide sequences were aligned using the evolutionary conserved primary sequence and secondary structure (Gutell et al., 1985) as references. Evolutionary distances (Jukes & Cantor, 1969) were calculated using CLUSTAL W software (Thompson et al., 1997) , from complete sequencepair dissimilarities using only identical, unambiguously determined nucleotide positions. Tree topologies were calculated with MEGA 5.1. software (Tamura et al., 2011) applying the neighbour-joining algorithm with 1000 bootstrap replications (Fig. 2) , and the maximum-likelihood algorithm (Fig. S1 , available in IJSEM Online).
On the basis of 16S rRNA gene sequence similarity, strain VKM B-1508 was found to be identical to Sphingomonas leidyi ATCC 15260 T , while strain FWC47 T was most related to Sphingomonas oligophenolica S213 T , with 97.2 % novel species. Cells were disrupted by using a Constant Systems TS 0.75 kW (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977 T indeed belonged to a novel species, as a DNA-DNA relatedness value of 70 % or more between two strains is required to qualify them as members of the same species (Wayne et al., 1987) .
Mass spectrometric analysis of cellular lipids (Abraham et al., 1997) revealed mainly phosphatidylglycerol (PG-18 : 1-16 : 0, PG 18 : 1-18 : 1), diphosphatidylglycerol (1430 and 1486 Da), and several unidentified sphingolipids. Furthermore, minor ions of phosphatidyldimethylethylamines were detected. However, it should be noted that different ionization efficiencies do not allow quantification of the individual lipid classes. The main cellular fatty acids of strain FWC47
T were C 17 : 1 v6c (39.5 %) and C 18 : 1 v7c (13.9 %), while the main hydroxy fatty acids had the hydroxyl group at the 2-position and were identified as C 15 : 0 2-OH (21.5 %), C 16 : 0 2-OH (4.1 %) and C 14 : 0 2-OH (2.9 %). The hydroxy fatty acids do not fit to those reported for members of the families Caulobacteraceae or Hyphomonadaceae, but agree well with those found in species of the genus Sphingomonas (Table 1 ).
The polyamine pattern of strain FWC47
T was determined by HPLC-MS/MS according to Häkkinen (2011) . The polyamines were extracted from 70 mg freeze-dried cells by the addition of 1 ml of 5 % sulfosalicylic acid, followed by incubation at 100 u C for 30 min with occasional shaking [modified from Busse et al. (1997) ]. The major polyamine found was sym-homospermidine. Analyses of respiratory quinones were carried out by the Identification Service, Leibniz-Institute DSMZ, and the major respiratory quinone found in strain FWC47
T was Q10 (100 %). Both these results were in agreement with previously reported chemotaxonomic data for the genus Sphingomonas (Busse et al., 1999) .
For phenotypic characterization, strains were grown in 20 ml PYEM medium amended with 0, 5, 10, 20, 30, 40, 60, 80 or 100 g l 21 NaCl. The optical density of the cell suspension was determined at 600 nm at the beginning of the experiment and after 2 days. The difference between these two measurements was used to determine salt tolerances. S. leidyi ATCC 15260 T and strain FWC47 T could both grow well with NaCl concentrations of 0-20 g l
21
, but not with 40 g l 21 or more. Substrate specificity tests were conducted with GN2 MicroPlates (Biolog), according to the manufacturer's instructions, at 30 u C for 24 h. A test was considered positive if the interface between the sample-well and the air was visibly turbid due to bacterial growth (Rüger & Krambeck, 1994) . The results are given in the species description, but considerable differences between the strains should be mentioned: while strain FWC47
T could not use i-erythritol, it was readily used by S. leidyi DSM 4733 T ; S. leidyi DSM 4733 T had T were grown at 30 u C in freshwater-Caulobacter medium; M. maris does not grow in freshwater-Caulobacter medium, therefore the marine-Caulobacter medium was used (Abraham et al., 1999) . All cells were harvested after 72 h and the cellular fatty acids were extracted according to the MIDI protocol. 2, Not detected; TR, trace amount (,1.0 %).
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T . The biochemical characteristics of these strains are listed in Table 2 .
Description of Sphingomonas canadensis sp. nov.
Sphingomonas canadensis (ca.na.den9sis. N.L. fem. adj. canadensis of or pertaining to Canada).
The description of Sphingomonas canadensis is the same as that given for the genus Sphingomonas (Yabuuchi et al., 1990; Takeuchi et al., 1993) , with the following additional characteristics. Prosthecate bacteria which produce whitish colonies. Cells are vibrioid-shaped and are 1.3-1.5 mm long and 0.4-0.5 mm wide. The stalk is approximately 1.2-1.6 mm long, varying with growth conditions. The major cellular fatty acids are C 17 : 1 v6c, C 15 : 0 2-OH, C 18 : 1 v7c, the minor fatty acids are i-C 17 : 0 , C 17 : 0 , C 16 : 0 2-OH and C 14 : 0 2-OH. The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidyldimethylethylamine and sphingolipids. The major respiratory quinone is Q10 and the major polyamine is sym-homospermidine. Grows on peptone yeast extract media with 0-30 g l 21 NaCl, with optimal growth between 0-20 g l 21 NaCl and optimal temperature at 30 u C. Does not tolerate salt concentrations above 40 g l 21 NaCl. Hydrolyses aesculin but not gelatin, and does not reduce nitrate. Positive result in tests for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase and b-galactosidase activities, but negative result in tests for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-galactosidase, a-glucosidase, b-glucosidase, a-glucuronidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. Utilizes D-alanine, L-alanine, L-aspartic acid, 2,3-butanediol, a-hydroxybutyric acid, itaconic acid, a-ketoglutaric acid, maltose, psicose, raffinose, sebacic acid and Tween 40, but not acetic acid, N-acetyl-D-glucosamine, cisaconitic acid, adonitol, alaninamide, L-alanyl glycine, caminobutyric acid, 2-aminoethanol, L-arabinose, D-arabitol, L-asparagine, bromosuccinic acid, DL-carnitine, cellobiose, citric acid, a-cyclodextrin, dextrin, i-erythritol, The type strain FWC 47 T (5LMG 27141 T 5CCUG 62982 T ) was isolated from a pulp mill sludge pond, Howe Sound, British Columbia, Canada. The DNA G+C content of the type strain is 67.1 mol% 
